Human Adenoviruses (HAdVs) are human pathogens that normally are associated with acute respiratory disease (ARD). Here, in this study, we characterized human adenovirus isolated from respiratory specimens collected from 2003 to 2011. Positive adenovirus were confirmed by cell culture and indirect immunoflourescence (IF) techniques. The isolates and positive clinical samples were subjected to adenovirus polymerase chain reaction, followed by DNA sequencing. BLAST searches and phylogenetic analysis revealed that only 2 species of HAdV, species C at 64% (47/73) and species B at 36% (26/73) were found circulating amongst ARD cases in Malaysia. Four types of HAdV species C were detected namely: HAdV-2 (66%), HAdV-1(17%), HAdV-5(13%) and HAdV-6(4%). For HAdV species B, only 2 types were detected with HAdV-3 being the highest at 58% and HAdV-7 at 42%. HadV-7 was associated with severe infections.
INTRODUCTION
Human Adenoviruses (HAdVs) were first isolated from human adenoids and identified as respiratory pathogens in 1953 (Rowe et al., 1953; Hilleman et al., 1954 ) and now HAdVs have been recognized as aetiological agent for variety of diseases. It is a common infectious agents in children less than 5 years and responsible for 5 to 10% of all lower respiratory tract infections in infants and children (Choi et al., 2006) . They are ubiquitous, non-enveloped, double stranded DNA in the family of Adenoviridae. Diseases in human such as pharyngitis, pneumonia, gastroenteritis, haemorrhagic cystitis and keratoconjunctivitis have been associated with HAdVs infections (Mandell et al., 2009) . The severity of the disease also ranges from mild or inapparent clinical syndromes to severe life threatening disease in immunocompromised individuals (Mandell et al., 2009) . Infections with HAdVs can occur sporadically or in epidemics; and the virus can be isolated and identified throughout the year (Hong et al., 2001) . HAdVs are also responsible for outbreaks in settings that have close living condition such as in military barracks (Dudding et al., 1972) , hospital wards (Straube et al., 1983) , chronic care facilities (Finn et al., 1988) and police academy (Apandi et al., 2012) . Previously, HAdVs were classified by haemagglutination and serum neutralization . Since genomic data and bioinformatics became available, new HAdVs have been identified including several emerging and recombinant viruses (Walsh et al., 2011) and today there are 57 recognised serotypes in 7 species, HAdV-A to HAdV-G (Martin et al., 2007) . The hexon protein with serotype specific encoded by seven hyper variable regions (Crawford and Schnurr, 1996) is the most important components for serotype identification of adenoviruses (Takeuchi et al., 1999) .
Epidemiologic characteristics of the HAdV vary by type. All are transmitted by direct contact, faecal oral transmission *Corresponding author. E-mail: apandi@imr.gov.my. and occasionally waterborne transmission. Depending on the species, these viruses may infect respiratory, conjunctival, gastrointestinal and genitourinary sites and specific types have been linked to distinct clinical syndromes. Recently, HAdV have emerged as life-threatening opportunistic agents in severely immune-suppressed patients, such as stem cell recipients (Ganzenmueller et al., 2011) . The outbreak of adenoviruses associated with respiratory disease has been reported worldwide (Schmitz et al., 1983; Zhu et al., 2009; Trei et al., 2010) . The serotypes that most frequently associated with acute respiratory disease (ARD) were from species B and C. HAdV-3 and HAdV-7 in species B were reported as a common cause of severe pneumonia in neonates and young children (Carballal et al., 2002; Tsolia et al., 2004) ; whereas, HAdV-11 and HAdV-14 have been reported in febrile respiratory disease outbreaks in all ages (Kajon et al., 2010; Gu et al., 2012) . In the species C, serotypes HAdV-1, HAdV-2, HAdV-5 and HAdV-6 were endemic in parts of the world (CDC, 2007) and cause febrile respiratory illnesses in children and young adults (Metzgar et al., 2005; Abd-Jamil et al., 2010) . HAdV-4 was the only serotype in species C that involved in ARD (Rubin, 1993; Kandel et al., 2010) .
The objectives of the study were to determine the type of HAdV circulating from 2003 to 2011 and the association of HAdV type with severe acute respiratory disease. Therefore, we characterized all HAdVs associated with respiratory illness from samples received by the Institute for Medical Research (IMR) from patients who sought treatment for respiratory infection in the government hospitals in Malaysia.
MATERIALS AND METHODS

Virus
From 2003 to 2011, IMR received samples from 10,972 patients who seek treatment at 140 government hospitals for respiratory illness such as acute respiratory distress, pneumonia, bronchiolitis and bronchopneumonia. All samples were screened for respiratory viruses including adenovirus by indirect immunoflourescence assay (IFA respiratory panel 1 Kit, Millipore, UK) and cell culture technique. In the IFA technique, samples were considered positive for adenovirus when fluorescence was present in the nucleus or cytoplasm of the cells; whereas in tissue culture solely based on the appearance of the cytopathic effect (CPE). Positive samples by cell culture were recultured in Vero cells and harvested when cells showed CPE.
DNA extraction and PCR
Viral nucleic acid was extracted from the samples by using Roche high pure viral nucleic acid kit (Roche Applied Science, Mannheim, Germany). Briefly, 200 µl of sample was added to binding buffer supplemented with poly (A) and proteinase K in a microcentrifuge tube and incubated at 72°C for 10 min. Later, binding buffer was added and the mixture was transferred to high pure filter tube for centrifugation. Inhibitor removal buffer was used to remove PCR inhibitors and wash buffer for removal of residual impurities. Finally, elution buffer was added to elute viral nucleic acid in a clean micro-centrifuge tube. Nested PCR was used to amplify the HAdV hexon gene. First PCR primer pair, forward primer HEXB-1 (5'-AAC ATG ACC AAR GAC TGG TT-3') and reverse primer HEXB-2 (5'-GCC GAG AAS GGY GTR CGC AGG TA -3') (IHCM, 2003) in a one tube reaction (20 µl) containing 10 µl DNA, 1 µl of 20 µM of each primer, 2.0 µl of 25 mM MgCl2 with 10X PCR buffer, 0.6 µl of 10 mM dNTP, 0.5 µl of 5 U/µl Taq DNA polymerase and nuclease free water. Samples were subjected to 35 PCR cycles, denaturation at 95°C for 30 s, annealing at 60°C for 30 s and extension at 72°C for 30 s; and final extension at 72°C for 5 min. For the second PCR, forward primer HEXB-3 (5'-TTC AGA AAC TTC CAG CCY ATG AG-3') and reverse primer HEXB-4 (5'-TCC ATG GGA TCC ACC TCA AAR GTC AT-3') (IHCM, 2003) were used and 5 µl of first PCR product was used as a template and PCR was performed using the same conditions as the first PCR.
Expected PCR products (360 bp) were examined by gel electrophoresis and QIAquick gel extraction kits (QIAGEN Inc, Valencia, CA) was used to extract the DNA from the gel.
Nucleotide sequencing and phylogenetic analysis
The partial hexon gene amplicons were sequenced on both strands by using primers HEXB-3 and HEXB-4. Sequencing was performed by using the Big Dye Cycle Sequencing kit version 3.0 and an ABI377 automated DNA sequencer (Applied Biosystems, Foster City, CA, USA). The SeqMan software module in the Lasergene suite of programs (DNASTAR, Madison, WI, USA) was used to format the nucleotide sequences. Alignment of the gene sequences was undertaken by using the MegAlign software module in the Lasergene suite of programs (DNASTAR, Madison, WI, USA). Phylogenetic tree was constructed by using the neighbour-joining method from the Software MEGA4 (Tamura et al., 2007) . The duck adenovirus type 1 was used as an outgroup for phylogenetic analysis together with different species of adenovirus obtained from GenBank for the purpose of generating dendograms. All sequences were submitted to GenBank with accession number JX182290-JX183062.
RESULTS
More than 76% specimens found positive for adenoviruses were derived mainly from nasopharyngeal aspirate (NPA) from children less than 5 years of age diagnosed with ARD (Table 1 ). All 73 positive adenovirus samples, 30 positive by tissue culture and 43 IFA positive were subjected to adenovirus polymerase chain reaction (PCR), and followed by DNA sequencing. Type of samples received, year of isolation, diagnosis and types of adenovirus isolated are shown in Table 1 . All positive samples were sequenced, and basic local alignment search tool (BLAST) sequencing analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi) showed that the sequences belonged to HAdV-1, HAdV-2, HAdV-3, HAdV-5, HAdV-6 and HAdV-7. Phylogenetic tree, constructed on the basis of partial hexon gene (348 bp) nucleotides of all adenoviruses isolated from 2003 to 2011 together with adenovirus isolates retrieved from GenBank is shown in Figure 1 . In 2003, only 2 HAdV-7 were detected from ARD specimens and no adenoviruses were detected in 2004. The following year, in 2005, 2 HAdVs were detected and were identified as HAdV-1 and HAdV-2. HAdV detection rate started to increase in 2006, with 10 HAdV-2 and 1 HAdV-1. The number increased to were HAdV species C consisting of 9 HAdV-2, 3 HAdV-1 and 1 HAdV-5. HAdV-3 from Species B was identified from the remaining 2 HAdVs positive samples. Four HAdV were isolated in 2008, 2 were from primary clinical specimens and were identified as HAdV-3, and 2 from cell culture were identified as HAdV-5 and HAdV-2. In 2009, from 9 samples found positive for HAdV, 5 different types were identified namely: HAdV-1, HAdV-2, HAdV-3, HAdV-5 and HAdV-7. In 2010, we detected HAdV-6 in species C for the first time from nasopharynxgeal aspirate; together with HAdV-3 and HAdV-5. Most of the positive samples for this study (~35%) were received in 2011 where HAdV-7 was the dominant type followed by HAdV-2, HAdV-3, HAdV-5, HAdV-6 and HAdV-1 (Table 1) .
DISCUSSION
HAdV has been recognised as a cause of ARD, gastrointestinal infection and other simple febrile illness (Horwitz, 2001) . Specific HAdV types normally present with specific manifestations and severity (Wold and Horwitz, 2007) , although there are variations in different parts of the world (Baum, 2005) . Young children and immunocompromised patients are the most vulnerable to severe complication of HAdV infections (Kojaoghlanian et al., 2003; Walls et al., 2003) . In this study, partial hexon gene sequences were used to characterize the HAdV isolates. This gene region contains the hypervariable region and is the most important components for serotype identification of adenoviruses (Takeuchi et al., 1999) . The finding showed that 2 species of HAdV; 64% of species C and 36% of species B were found circulating amongst ARD cases in Malaysia from 2003 to 2011. Overrepresentation of HAdV-C at 64% from total adenovirus detected in the past 9 years could suggest a high prevalence of the virus in the community. This finding was consistent with the report from previous study in Malaysia by Abd-Jamil et al. (2010) . She found that 70% of the HAdV infection from paediatric patients who sought treatment for respiratory tract infection in UMMC, Malaysia from 1999 to 2005 was species C with HAdV-1 and HAdV-2 were the commonest. These were similar to the findings reported by Garcia et al. (2009) Figure 1 . Phylogenetic tree of partial hexon gene sequences (348 bp) of human adenovirus inferred by using the neighbor-joining method from the MEGA4 software (www.megasoftware.net). The evolutionary distances were computed by using the maximum composite likelihood method. Species A to F are indicated by square brackets with duck adenovirus A as an outgroup. Seventy three human adenovirus from acute respiratory disease in Malaysia from 2003 to 2011 are indicated. Representative strains of each species obtained from GenBank are labeled by using the adenovirus species and accession number. Bootstrap values (>75%) for 1,000 pseudoreplicate datasets are indicated at branch nodes. Scale bar indicates nucleotide substitutions per site. and 7 (3%) to species E. However, a study in Korea reported HAdV species B especially HAdV-3 and HAdV-7, was the predominant serotype among Korean children with respiratory tract infection .
Similar findings were also reported in Canada (Yeung et al., 2009) and in the military camp in USA (Kajon et al., 2007) where HAdV-B was the major species of HAdV identified from respiratory diseases. The possibility of high prevalence of species C especially HAdV-1, HAdV-2 and HAdV-5, could possibly be due to the virus ability to persist and cause latent infection in tonsils and adenoids of human, which at times cause ARD in young children (Pereira, 1972) . Therefore, the prolonged presence of the virus in infected children increases its transmissibility and this could contribute to the persistence presence of HAdVs in young children in Malaysia. HAdV-C species have also been reported not only in respiratory diseases but also in digestive tract infection, regardless of the immune status of the patients and was also found in local ecology in France (Berciaud et al., 2012) . In our study, 66% of HAdV species C detected was HAdV-2 and majority was isolated from children less than 5 years presenting with lower respiratory tract infection such as pneumonia, bronchopneumonia and bronchiolitis (Table 1) . Our study showed that only 2 cases of HAdV-2 were related to upper respiratory tract infection (URTI); one isolated from a 25 year-old adult with URTI and another was from a 2.5 year-old child with acute pharyngotonsilitis. Report of fatal outcome associated with HAdV-2 is very rare. However, in this study we found a case of a 12 year-old boy that was admitted for meningoencephalitis, ventilated and died.
No other pathogen such as enterovirus, influenza virus and bacteria were detected except HAdV-2 was isolated from his throat swab. Although, considered as an isolated case, but it could suggest that this type could possibly cause severe infection in patient having underlying disease such as CNS infection. 17% of the species C detected was HAdV-1 and it was found in children less than 3 years old diagnosed with lower respiratory tract infections (Table 1) . This finding is similar to findings from Sevaraju et al. (2011) who reported that HAdV-1 affecting mainly infants and young children less than 2 years of age and caused both upper and lower respiratory infections; and also from Casas et al. (2005) who implicated HAdV-1 with bronchiolitis in children less than 5 years of age. Others adenovirus in this species, HAdV-5 and HAdV-6 were also detected in small numbers in our study and showed to be low prevalence in Malaysia. For HAdV species B, HAdV-3 was more dominant than HAdV-7 at 58 and 42% detection rate, respectively. Majority of patients with HAdV-3 infection were children less than 5 years old presenting either with pneumonia or severe bronchopneumonia. HAdV-3 was also detected in lung tissue from a fatal case (Table 1 ), suggesting that type 3 could be associated with severe illnesses and fatal cases. A World Health Organization (WHO) survey on respiratory viral infections reported that HAdV-3 had a worldwide distribution and accounted for most of the HAdV associated infections.
Similar situation was also observed in Connecticut (Landry et al., 2009) , where an increased incidence of HAdV-3 infections associated with a new variant, HAdV3a51 that caused mostly mild infections; however, one fatality involving a patient with underlying disease was reported. The same scenario was also observed in Taiwan where HAdV-3 was the commonest HAdV detected among children with RTI from 1999 to 2000 (Hsieh et al., 2009 ). In our study, HAdV-7 has been found circulating at a low prevalence since 2003 but increased drastically in 2011 with more than 50% of HAdVs isolated were HAdV-7. The frequency of detection increased as a result of the outbreak of HAdV-7 reported in Malaysia in 2011 where there was an increase in both prevalence and disease severity (Apandi et al., 2012) . This was similar to the report from Kansas City, where infections with HAdV-7 increased to 25 from 5.6% in the previous two years of surveillance and were associated with severe illness such as acute bronchiolitis and pneumonia (Gray et al., 2007) . HAdV-7 was also known to cause outbreaks amongst hospitalised children (Choi et al., 2006; Selvaraju et al., 2011) , police/army recruit camps (Apandi et al., 2012) , and had the potential for morbidity and mortality. HAdV-7 is a well-known pathogen causing epidemics of severe lower respiratory tract infections in children, with a high mortality rate (Baum, 2005) . Global survey has shown approximately one-fifth of all HAdV infections reported to World Health Organization (WHO) were attributed to HAdV-7 (Smith et al., 1983; Erdman et al., 2002) . All of our HAdV-7 isolates from 2003, 2009 and 2011 belong to HAdV-7d2 which were very similar to the isolate CQ1198 isolated in China in 2010 from children with severe respiratory infection (Ni et al., 2012 unpublished) . The same findings were reported by Selvaraju et al. (2011) where HAdV-7 strains 7d2 were responsible for severe lower respiratory tract infection in children in USA and by Tang et al. (2011) , where it was associated with infants' pneumonia in China. In Malaysia, we reported the first HAdV-7 outbreak in 2011 and it was associated with more severe disease and even fatal cases. Most of HAdV-7 isolated in the study was from patients with respiratory distress, severe pneumonia, bronchiolitis and fatal cases due to respiratory failure. These 2 fatal cases were patients related to the outbreak of HAdV-7 in Police Training Centre as reported by Apandi et al. (2012) . HAdV-7 has been documented in outbreaks either among infants, older children or adults with serious outcomes (Wadell et al., 1980) . The HAdV-7d2 strain was first reported in 1998 by Azar et al. (1998) and since then became the prevalent dominant strain of HAdV-7. In China, HAdV-7d was dominant during 1980 to 1994 and was a representative genome type in Asian until 1998 (Zhang et al., 1986) and associated with higher fatality rate than HAdV-3 (Li et al., 1996) and Erdman et al. (2002) reported 2 emergent genome types of HAdV-7 and both were associated with epidemic, severe illness and death. Other serotypes from species B, HAdV-11 and HAdV-14 which previously have been associated with acute respiratory disease with fatal outcome (Zhu et al., 2009; Ou et al., 2008) , involved in outbreak associated pneumonia (Esposito et al., 2010) and fatal pneumonia (Hong et al., 2001; Tate et al., 2009) were not found in the study.
Conclusion
This study showed that only 2 species of adenovirus were found circulating among ARD cases in Malaysia in the 9 years period from 2003 to 2011. Majority was HAdV species C at 64% and the remaining 36% (26/73) was HAdV species B. The predominant type was HAdV type 2, followed by HAdV-3, HAdV-7, HAdV-1, HadV-5 and HAdV-6. HadV-7 was found to be associated with severe clinical presentations.
